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The value of motor evoked potentials in
reducing paraplegia during thoracoabdominal
aneurysm repair
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Randolph G. Statius van Eps, MD,a and Geert Willem H. Schurink, MD,a Maastricht, The Netherlands
Objective: Paraplegia after thoracoabdominal aortic aneurysm (TAAA) repair mainly occurs in patients with Crawford
extent I and II. We assessed the impact of monitoring spinal cord integrity and the subsequent adjusted surgical
maneuvers on neurologic outcome in repairs of type I and II TAAAs.
Methods: Surgical repair of TAAAs was performed in 112 consecutive patients with extent type I (n  42) and type II
(n  70) aneurysms. The surgical protocol included cerebrospinal fluid drainage, moderate hypothermia, and left heart
bypass with selective organ perfusion. Spinal cord function was assessed by means of monitoring motor evoked potentials
(MEPs). Significant decreased MEPs always generated adjustments, including raising distal aortic and mean arterial
pressure, reattachment of visible intercostal arteries, or endarterectomy of the excluded aortic segment with revascular-
ization of back bleeding intercostal arteries.
Results:Motor evoked potential monitoring could be achieved in all patients. By maintaining a mean distal aortic pressure
of 60 mmHg, MEPs were adequate in 82% of patients. Increasing distal aortic pressure restored MEPs in all patients. In
19 patients (17%), MEPs decreased significantly during aortic cross-clamping because of critical spinal cord ischemia.
MEPs returned in all patients after spinal cord blood flow was re-established except in three patients with type II TAAA
in whomMEPs could not be restored, and absentMEPs at the end of the procedure corresponded with neurologic deficit.
Delayed paraplegia developed in two patients owing to hemodynamic instability with insufficient mean arterial blood
pressure to maintain adequate spinal cord perfusion.
Conclusion:MonitoringMEPs is a highly reliable technique to assess spinal cord ischemia during TAAA repair. A surgical
protocol including cerebrospinal fluid drainage, left heart bypass, and monitoring of MEPs can reduce the paraplegia rate
significantly. Adjusted hemodynamic and surgical strategies induced by changes in MEPs could restore spinal cord
ischemia in most patients, preventing early and late paraplegia in all type I patients. In type II patients, early paraplegia
occurred in 4.2% and delayed neurologic deficit in 2.9%. Despite all available measures, complete prevention of paraplegia
in type II aneurysms seems to be unrealistic. ( J Vasc Surg 2006;43:239-46.)The surgical management of limited as well as extensive
thoracic aortic aneurysms is gradually converting from
maximal invasive repair to minimal invasive procedures.
Thoracoabdominal aortic aneurysms (TAAAs) still require
open surgery, however, comprising the intrinsic complica-
tions of massive surgical trauma. Prevention of paraplegia
has been, and still is, a cardinal challenge in type I and II
TAAA repair, but despite protective techniques includ-
ing distal aortic perfusion and cerebrospinal fluid (CSF)
drainage, severe neurologic deficit remains a repugnant
reality.1,2 In our battle against paraplegia, we have fol-
lowed the approach of monitoring spinal cord function
during the procedure, allowing online assessment of
cord integrity and evaluation of surgical strategies to
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reports on our continuous experience with monitoring
motor evoked potentials (MEPs) during TAAA repair
and the conformity of intra- and postoperative MEPs and
clinical outcome.
PATIENTS AND METHODS
We started our TAAA surgical experience with moni-
toring of MEPs in 1993 in the Academic Medical Center,
Amsterdam, The Netherlands, and we have subsequently
reported on the technique and related surgical outcome.4,5
In 2000, the first author (M. J. J.) moved to the University
Hospital Maastricht, The Netherlands to start a new TAAA
program. The principles of the MEP technology remained
basically the same, but some changes were implemented.
This series reports on the experience inMaastricht based on
the procedures performed between 2000 and 2005.
Patients. Surgical repair was performed in 112 con-
secutive patients with type I (n 42) and type II (n 70)
TAAAs. The mean age of the 75 male and 37 female
patients was 62 years (range, 28 to 80 years). Elective
surgery was performed in 107 cases. Five patients had
emergency surgery: two because of rupture and shock and
three because of symptomatic, nonruptured aneurysm.
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in 78 patients (69.6%), chronic type B dissection in 20
patients (17.9%), and Marfan’s disease in 14 patients
(12.5%) (8 were between 28 and 38 years old). In patients
with degenerative and postdissection TAAA (n  98), the
median maximal aneurysm diameter was 6.8 cm (range, 5.5
to 13 cm). The median maximal diameter in Marfan pa-
tients was 6.0 cm (range, 4.8 to 8.5 cm). In 78 patients
(70%), renal function was normal (serum creatinine, 1.4
mg/dL), and 34 patients (30%) had renal insufficiency.
Preoperative risk factors included hypertension (58%),
chronic obstructive pulmonary disease (26%), and myocar-
dial infarction (18%).
Preoperative cardiac assessment was routinely per-
formed. Echocardiography aimed for detection of valve
insufficiency or stenosis, and dipyridamole-thallium scan-
ning before and after stress testing was done to analyze
myocardial perfusion. In case of myocardial ischemia, cor-
onary angiography was performed and followed, if neces-
sary, by percutaneous coronary intervention (n  2) or
coronary artery bypass surgery (n  2). Two patients with
grade III aortic valve insufficiency underwent aortic valve
repair prior to aneurysm surgery.
Surgical protocol. The same protocol was followed in
all patients. Before induction of anesthesia, a catheter was
introduced in the intrathecal space and spontaneous drain-
age of CSF was continued to maintain CSF pressure
10 mm Hg. A left thoracolaparotomy was performed
through the sixth intercostal space. The diaphragm was
only transected at the anterior side with amaximal length of
5 to 10 cm, and the crossing muscles of the diaphragm at
the aorta were longitudinally opened. A loop around the
diaphragm allowed it to be moved in different directions,
thereby exposing the aorta without the necessity for com-
plete transection of the muscle. Retrograde aortic perfusion
was established by cannulation of the left pulmonary vein
and the femoral artery using limited heparinization (0.5
mg/kg).
In one young Marfan patient, the entire aorta was
replaced via sternotomy and thoracolaparotomy: the as-
cending aorta, aortic arch, and thoracoabdominal aorta. In
seven patients (5 type I, 2 type II) the surgical repair
included resection of an arch aneurysm via the left thora-
cotomy approach. The proximal anastomosis in seven of
these patients was located proximal to the innominate
artery; in four patients the new graft was sewed to an already
existing graft after ascending repair, and in three patients
the anastomosis was performed at the native aorta. Total
extracorporeal circulation was installed in these patients
with cannulation of the pulmonary artery and femoral
artery or femoral artery/femoral vein with a vent in the left
ventrical via the pulmonary vein.
Moderate hypothermia (30°C) was used. Cerebral pro-
tection was guaranteed by means of antegrade cerebral
perfusion in which selective perfusion catheters are inserted
in the innominate and left carotid artery, and a transcranial
Doppler scan is used to assess adequate bilateral cerebral
perfusion. Volume flow is aimed at 10mL/kg/min in eachcatheter, with a mean arterial pressure between 50 and
60 mm Hg.
In type II aneurysms, visceral and renal protection is
performed by selective blood perfusion. A four-branched
tubing system is connected to the left-sided heart bypass,
and four catheters with balloon-inflatable tips are inserted
in the celiac axis, superior mesenteric artery, and both renal
arteries. Volume flowwas assessed in each catheter and kept
at a minimal flow of 100 mL/min per catheter. Mean
arterial pressures were assessed in both kidneys, aiming for
a minimal pressure of 60 mm Hg. If urine output de-
creased, perfusion pressures to the kidneys were increased.
Two cell savers were used during the operation, and the
autotransfused blood was returned via a rapid infusion
system.
Technique of MEPs. To monitor the function of the
spinal cord intraoperatively, we applied MEPs. This tech-
nique has been described in detail before.3 In summary, the
brain was stimulated electrically (Digitimer D-185, Digi-
timer Ltd., Herfordshire, UK) with the cathode in the Cz=
position (just posteriorly to the vertex), and the anode
consisted of three interconnected electrodes on both mas-
toids and at Fpz (ie, at the center of the forehead). The
electrical stimulation consisted of a train of five stimuli of
500 V and about 1 to 1.5 A each, with an interstimulus
interval of 2 milliseconds. The resulting MEPs were re-
corded with surface electrodes from the abductor pollicis
brevis and the anterior tibial muscle on both sides (filter
settings, 3Hz to 5kHz; sweep duration, 100 milliseconds;
sensitivity, 2 mV/div), and the amplitude was measured
between the maximal negative and positive deflection.
The degree of muscle relaxation was adjusted from a
measurement of the compound muscle action potential
(CMAP) of the abductor digiti quinti muscle after a single
supramaximal stimulation of the ulnar nerve at the wrist.
During the surgical procedure, we strived to achieve a value
(T1%) of about 20% compared with the CMAP before
induction of muscle relaxation. We used vecuronium ad-
ministered via an infusion pump, the velocity of which was
adjusted manually according to the CMAP values.
All MEP amplitude values, blood pressure data, and the
degree of muscle relaxation were transferred into an exter-
nal database that allowed for graphic displays of trends in
time and the calculation of the ratio between the amplitude
of each anterior tibial MEP and the mean of both abductor
pollicis MEPs. The ratios were the mainstay for qualifying
whether amplitude changes of the anterior tibial anterior
MEPs were critical. Fig 1 shows an example of significant
amplitude changes of MEP amplitude that is obviously
related to changes in the degree of muscle relaxation. This
dependency can be avoided by calculating the ratio of the
MEP amplitude and the mean of both APB-MEP ampli-
tudes.
Spontaneous fluctuations of MEPs are common. We
encountered changes of the ratio of up to 50% that, in most
patients, were clearly not related to any intervention
(Fig 2). So, only consistent decreases of MEP ratios (ie,
being reproducible during three consecutive stimulations)
gree
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prompted surgical actions to improve spinal cord perfusion.
Strategies based on changes inMEPs. In general, we
strive for sequential cross-clamping of the thoracoabdomi-
nal aorta, allowing stepwise exclusion of aortic segments
and assessment of changes in MEP amplitudes. As soon as
the proximal clamp is positioned, spinal cord blood supply
depends on distal aortic perfusion. We routinely install a
mean distal aortic perfusion pressure of 60 mm Hg;
Fig 1. The amplitude of the motor evoked potential (M
the left y-axis in mV during the monitoring procedure (
There is an obvious temporal relationship with the degre
theMEP response of the left AT and themean of bothME
(left y-axis), the amplitude changes due to a different de
Fig 2. The relative change of the ratios of the right and l
response and the mean of both abductor pollicis brevis M
x-axis; every vertical line represents a measurement).
approximately 100%. In the course of the monitoring pr
of up to 50% from stimulus to stimulus. Second, a long-t
legs at the end of the surgical procedure compared withhowever, if MEP levels decrease, the distal aortic perfusion-pressure is elevated until MEPs increase. In these cases,
because of fluctuations, we rapidly repeat the measure-
ments at least three times; if the average level decreases
progressively, we consider this a sign of spinal cord isch-
emia. The pressure required to maintain adequate spinal
cord perfusion is considered the minimal mean arterial
pressure in the postoperative phase and is also included in
the intensive care orders.
Next, the distal clamp is positioned and the MEP
esponse of the left anterior tibial (AT)muscle is given on
on x-axis; every vertical line represents a measurement).
uscle relaxation (T1% on the right y-axis). If the ratio of
ponses of the abductor pollicis brevis (APB) is calculated
of muscle relaxation are eliminated.
terior tibial (AT)muscle motor evoked potential (MEP)
sponses is given in percentages on the y-axis (time on the
out 11:00, there is a stable situation with values of
re, first short-term variations are obvious, with changes
ffect is visible with values of approximately 50% for both
nitial stable situation. T1%, degree of muscle relaxation.EP) r
time
e of m
P reseft an
EP re
At ab
ocedu
erm eamplitudes are observed during a 3-minute period before
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the aortic segment contains critical intercostal arteries, we
release the cross-clamps and actively cool the patient to
32°C, affording additional neuroprotection.6 The aorta is
then clamped again and opened. Patent intercostal arteries
are reattached and rapidly reperfused. If no patent segmen-
tal vessels are visible, endarterectomy is performed with
revascularization of obtained back-bleeding arteries. The
endarterectomized tissue is usually too fragile to reattach as
a button, and we therefore implant a 6- or 8-mm polyester
graft for a single vessel or a 10- to12-mm graft for several
arteries in an end-to-end fashion, subsequently allowing
perfusion via a side branch of the left heart bypass tubing
system. Finally, the selective graft is anastomosed to the
tube graft.
In case MEP amplitudes remain adequate, we still
reattach intercostal arteries but oversew those that arise
from a severely diseased aortic wall. The main reason for
revascularizing these arteries despite adequate MEPs is
based on our experience that initial, normal MEPs in the
thoracic phase of the procedure might deteriorate during the
abdominal phase. This is probably due to exclusion of spinal
cord blood supply via lumbar arteries and pelvic circulation,
and therefore, we anticipate this later cord ischemia by maxi-
mizing blood supply via intercostal arteries.
In Marfan patients, most segmental arteries are patent,
and in case of unchanged MEPs, we limit revascularization
of intercostal arteries to those arteries between T8 and L1
that arise from adequate quality aortic tissue to prevent
long-term dilatation of aortic buttons.
In contrast, most of the intercostal and lumbar arteries
in degenerative aneurysms are occluded by mural throm-
bus, calcified plaques, or dissection, and the few arteries that
are patent originate from diseased aortic wall. Unfortunately,
these arteries are the only ones available to restore spinal cord
blood supply, and the decision for reattachment or oversew-
ing depends in our protocol on motor evoked potentials.
RESULTS
Clinical outcome. No intraoperative deaths occurred.
Postoperative hemodialysis was necessary in two patients
(1.8%). In one patient (type I), temporary dialysis was
successful, and discharge from the hospital could be
achieved without further need for dialysis. The other pa-
tient (type II) who required hemodialysis died from multi-
ple organ failure. A total of 15 patients (13.4%) died in the
hospital: 3 patients (7.1%) with a type I TAAA and 12
(17%) with a type II aneurysm. All patients who died,
except one, were 60 years old and had extensive blood
loss. They required high-volume intraoperative transfu-
sion, after which systemic inflammatory response syndrome
and pulmonary complications developed. Major postoper-
ative complications also included pulmonary insufficiency
with prolonged ventilatory support in 65 patients (58%),
myocardial infarction in 4 (3.6%), and dysrhythmias in 18
(16%). The patients operated on in emergency setting had
a similar mortality rate (1 of 5).Acute paraplegia. No acute neurologic deficit oc-
curred in patients with type I TAAA. In three (4.2%) of 70
patients with type II aneurysms, acute paraplegia became
evident after the procedure. This neurologic deficit was
anticipated, however, becauseMEPs were entirely absent at
the end of the procedure (see below).
In the first and second patient, sequential clamping of
the thoracic and abdominal aorta was associated with grad-
ual decrease of MEPs to nonmeasurable amplitudes, and
despite increasing mean arterial and distal aortic pressures
and revascularizing all available segmental arteries, MEP
signals did not return. The clinical outcome completely
corresponded to the absent potentials.
In the third patient, the initial MEP-amplitudes were
already low but adequate; however, even before aortic
cross-clamping—but after starting left heart bypass–the
MEPs gradually disappeared and never came back. We
decided to continue the aneurysm repair, and reattachment
of intercostal arteries did not influence the neurophysio-
logic outcome. The patient died 1 week later frommultiple
organ failure. In all three patients, the postoperative assess-
ment of their MEPs showed absence of potentials at the
anterior tibial muscles, whereas normal MEPs were re-
corded at the hypothenar muscles.
Delayed paraplegia. In patients with type I aneu-
rysms, no delayed paraplegia occurred; however, delayed
paraplegia was encountered in two (2.9%) of 70 patients
with type II aneurysms. In the first patient, exclusion of the
entire aorta caused complete loss of MEPs. Reattachment
of intercostal and lumbar arteries restored MEPs, but the
amplitudes never reached 10% of the initial levels. The
patient awoke with normal motor function, but sepsis
developed 5 days later. After reintubation, patient was
hemodynamically unstable and had hypotensive periods.
He recovered from the sepsis, but awoke with paraplegia.
In the second patient the MEPs disappeared com-
pletely during aortic-clamping. Cooling the patient, raising
mean arterial and distal aortic pressures, endarterectomy,
and intercostal artery grafting as well as lumbar artery
reattachment finally restored MEP amplitudes but not
10% of initial values. The mean arterial pressure to main-
tain these amplitudes was 90 mmHg. Postoperative recov-
ery was uneventful with normal neurologic function. On
the third postoperative morning, the patient awoke and
could no longer move his legs. Analysis of the computer-
ized hemodynamic data of the previous night showed that
he had slept with mean arterial pressures 60 mm Hg for
several hours. His spinal cord was obviously infarcted.
Acute measures such as increasing blood pressure and
reinsertion of an intrathecal drain could not convert spinal
cord ischemia. In both patients, postoperative MEP mon-
itoring showed normal potentials at the hypothenar mus-
cles but absence of responses at the legs, confirming spinal
cord ischemia.
Fig 3 shows the course of the MEP amplitudes of one
patient in whom delayed spinal cord ischemia developed.
After cross-clamping, the MEPs amplitude at the legs
started to decline until they disappeared completely. At the
h a lo
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low amplitude level.
MEPs outcome. Motor evoked potential monitoring
could be achieved in 100% of patients. By maintaining a
mean distal aortic pressure of 60 mm Hg, MEPs were
adequate in 82% of the patients. Increasing distal aortic
pressure restored MEPs in all patients. In 19 patients
(17%), significant MEP changes occurred as a result of
critical spinal cord ischemia. Aggressive surgical strategies
such as aortic endarterectomy and reattachment of intercostal
and lumbar arteries could restore MEPs in all patients except
the three patients described earlier. In addition to the two
patients in whom amplitudes were only 10% at the end of the
procedure, another six patients had low levels at the end of the
operation. Inspired by the hemodynamic cause of the two
delayed neurologic deficits, postoperative hemodynamic
management in the intensive care unit was extremely accurate,
focusing on maintaining mean arterial pressures at the level
required to maintain MEPs during surgery. Neurologic out-
come was uneventful in these patients.
Considering all type I and II TAAA patients, neuro-
logic deficit occurred in five patients, for overall rate of
4.5%. However, since no paraplegia was encountered in
type I patients, we should refer to type II patients only and
conclude a paraplegia rate of 7.1%.
DISCUSSION
The present series confirms our previous experience
that monitoring MEPs is a highly reliable technique to
assess spinal cord function during TAAA repair. All patients
who had reliable MEP responses of the anterior tibial
muscle at the end of the procedure were able to move their
legs normally, even if the amplitude was 10% compared
with the initial values. Complete absence of MEPs was
Fig 3. The course of the motor evoked potential (ME
pollicis brevis muscles of a patient who later developed de
in mV (time on the x-axis). After cross-clamping the aort
symmetrically until they completely disappear. Approxim
lower extremities could be recorded again, however, witconsistently associated with paraplegia that did not resolve.These data indicate that a certain percentage decrease
of MEP amplitude is not accompanied with a loss of -
motoneurons and subsequent decreased motor function of
the lower extremity. These findings contrast with the re-
sults of two animal experiments. Murakami et al7 found a
threshold of 75% decrease to be indicative for neuronal loss
and neurologic deficits. Kakinohana et al8 recently reported
an alarmingly high failure of MEPs to correctly predict
postsurgical paraplegia in a rat model. Intra-aortic balloon
occlusion was performed for 10 minutes in six animals; all
were paraplegic afterwards, yet had preserved MEPs.
No human data are available to relate a given MEP am-
plitude decrease to neuronal loss. Schepens et al2 used a
decline of 50% as an “intraoperative alarm sign.” In our
previous experience, we also considered a decrease of 75%
of MEP amplitude a sign of critical spinal cord ischemia.
Despite no evidence for a concomitant cell death, it seems
reasonable to interpret such a decline as a functional deficit,
indicating an unstable blood supply situation and hence
prompting surgical strategies to restore spinal cord perfusion.
One of the main lessons we have learned is derived from
the experience with the two patients who developed delayed
paraplegia. Critical cord ischemia occurred during surgery and
only by means of aggressive surgical maneuvers could MEPs
be restored. In the postoperative period, the patients went
through phases of hypotension with subsequent spinal cord
infarction. Hypothetically, this phenomenon indicates that
spinal cord perfusion can be critically endangered but still
sufficient to allow adequate anterior horn function, as shown
by moving legs in the awake patient. However, arterial hypo-
tension in these circumstances can provoke definite and per-
manent spinal cord infarction. It is therefore extremely impor-
tant that the postoperative management focuses on
maintaining adequate mean arterial pressures. This was illus-
plitudes of both anterior tibial muscles and abductor
paraplegia is shown. The amplitude is given on the y-axis
MEP amplitudes of the anterior tibial muscles decrease
y 40 minutes later, consistent MEP responses from the
w amplitude (10% of the initial value).P) am
layed
a, the
ateltratedby six other patientswhohad criticalMEPs at the endof
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arterial pressures. These pressures were continued in the in-
tensive care unit and patients recovered without neurologic
deficit.
Can paraplegia be prevented in patients undergoing
TAAA repair? The first item to be addressed is the definition
of the patients and the subsequent incidence of paraplegia.
For example, we could conclude in the present series that
the overall paraplegia rate is 4% (5/112) in a population of
patients at highest risk to develop cord infarction. How-
ever, we did not encounter paraplegia in type I patients,
indicating that we should ascribe all neurologic deficits to
the type II aneurysms and define a rate of 7%. We believe
that paraplegia rates should be related to the extent of the
aneurysm and reported accordingly. In series with a high
number of type III and IV but limited number of type II
aneurysms, the reported mean paraplegia rate might appear
relatively low, not expressing the intrinsic relation between
the risk of paraplegia and the extent of the surgical repair.
The second item concerns the anatomic problem that
occurs in patients with degenerative aneurysms: most of the
intercostal and lumbar arteries are occluded and an impres-
sive collateral system provides blood flow to the spinal
cord.5 The anatomy and functional pathways of this collat-
eral system can not be assessed preoperatively and the
general pragmatic approach dictates reattachment of seg-
mental arteries between T8 and L1. In this respect, a
significant difference between type I and II degenerative
aneurysms is that a substantial part of spinal cord perfusion
is supplied by lumbar and pelvic arteries.
We showed in a previous study of TAAA patients that
lumbar arteries and pelvic circulation are responsible for
spinal cord perfusion in 25% of cases. Because the infrarenal
aorta and iliac arteries are not involved or surgically treated
in type I aneurysms, left heart bypass supplies blood to
these important pathways during cross-clamping, obvi-
ously reducing the risk of paraplegia. We have not encoun-
tered neurologic deficit in type I patients.
In addition, general measures that have been developed
to protect the spinal cord, such as CSF drainage and distal
aortic perfusion, have significantly reduced—but not elim-
inated—the paraplegia rate. Our philosophy is to assess
spinal cord function during the procedure, which actually
reflects local cord perfusion, including the contribution of
the collateral system. We use this information to conduct
the surgical and hemodynamic strategies to maintain spinal
cord function, such as reattachment of segmental arteries,
increasing distal aortic pressure, and mean arterial pressure.
The critical question to be answered is whether this
approach of intraoperative monitoring improves the neu-
rologic outcome of patients undergoing TAAA repair. In
other words, if the surgical protocol includes CSF drainage,
distal aortic perfusion, and reattachment of intercostal ar-
teries, why would we monitor evoked potentials? The
present series shows that MEP monitoring is a trustworthy
navigation system, allowing the surgeon to be informed
about the function of the spinal cord and to adjust strate-
gies in case spinal cord ischemia occurs. However, and veryunfortunately, this does not always guarantee prevention of
spinal cord injury, as illustrated by our patients in whomwe
were not able to restore spinal cord function despite all
possible measures. On the other hand, it should be noted
thatMEPmonitoring played the crucial role in a substantial
number of cases, inducing actions to restore spinal cord
perfusion successfully and subsequently prevent paraplegia.
Another issue addresses unknown causes of spinal cord
ischemia. We have been puzzled by our patients in whom
MEPs disappeared and all efforts to restore blood flow
failed. Especially difficult to explain is the phenomenon in
the patient developing spinal cord ischemia before aortic
clamping. Pathophysiologically, embolic processes induced
by the reversed flow might be responsible for jeopardized
flow to the anterior spinal artery. In addition, periarterial
edema around the very small radicular arteries as a result of
ischemia-reperfusion or transfusion-induced inflammatory
response could have an etiologic role. Further research is
required to clarify these ischemic complications.
The mortality rate also remains a matter of great con-
cern. Despite meticulous preoperative cardiopulmonary as-
sessment, the number of patients who do not survive the
procedure remains high. A main factor that contributes to
postoperative complications is massive blood loss and sub-
sequent transfusion. Pulmonary complications most fre-
quently start at the second or third postoperative day, and
the fact that the right lung is also involved illustrates that
activation of infection mediators after extensive transfusion
play a significant role.
CONCLUSION
Complete prevention of paraplegia in patients with
thoracoabdominal aortic aneurysms, especially in type II
extent, is still not realistic. However, the technique of
monitoring motor evoked potentials is highly sensitive to
assess spinal cord function to guide surgical and hemody-
namic strategies, both during and after surgery, and con-
tributes to improvement of neurologic outcome.
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Dr Gregorio A. Sicard (St. Louis, Mo). Thank you, Dr.
Jacobs, for expanding more and more our knowledge of how to
avoid this devastating complication. I have one question. In the
patients in which you do not have any changes in MEPs, you had
late paraplegias that had no changes in MEP. What was your
approach to intercostal reimplantation in this group?
Dr Jacobs. If we still have good evoked potentials?
Dr Sicard. Correct.
Dr Jacobs. Well, it depends. If it is a type II aneurysm, we
know that if we would oversew all the intercostals in the thoracic
part, we would face problems during the abdominal phase of the
procedure. So, as a sort of a backup system, we liberally reattach the
intercostal arteries if they are easy to reimplant in the aortic wall
with an adequate quality. If, in these cases, the aorta is mushy and
of bad quality, we oversew them.
Dr Sicard. And in the type II, where you had your higher
paraplegia rate, how many of those were patients that had aortic
dissections, aneurysms secondary to dissections?
Dr Jacobs. Approximately 1 out of 5 patients had postdis-
section aneurysms. Indeed, postdissection aneurysms are differ-
ent because the majority of segmental arteries are patent. In
these patients, we have larger buttons with more intercostals
arteries reattached.
DrKenneth Cherry (Rochester, Minn). When you presented
this several years ago, I asked you if driving the mean arterial
pressure up to what seemed excessive levels had caused any cardiac
or intracranial problems, and you had none. Is that still the case?
The CSF question. The question was, when you drove up themean
arterial pressure to very high levels to protect the cord, did you
have any problems with cardiac decompensation or with intracra-
nial hemorrhagic strokes? And at that time the answer was no. Is
that still the case?
Dr Jacobs. It’s still the case. And fortunately, we don’t have
to raise the pressure to excessive levels. However, patients who
are known with malignant hypertension might need a mean
arterial pressure of, let’s say, 90 or 100 mm Hg, to maintain
adequate spinal cord perfusion. We have had no strokes due to
these pressures.
Dr John Ricotta (Stony Brook, NY). Could you expand a
little bit on your aortic endarterectomy? How extensive it is, and
how do you handle the visceral and spinal artery reattachment in
the endarterectomized segment?
Dr Jacobs. First of all, I have always been surprised and
intrigued to see back-bleeding intercostal arteries after local end-
arterectomy. The main problem, however, is that the remaining
aortic wall is very thin and direct reattachment is not safe. There-
fore, we attach a 6-, 8- or 10-mm graft, depending on the number
of intercostal arteries to be reattached and use a 5-0 Prolene suture
to create a firm rim to which the graft is anastomosed.
Dr Richard Cambria (Boston, Mass). Your operative strat-questions. I must say I’ve always been skeptical about the value of
reopening previously occluded intercostal vessels, and so my first
question is, if your MEPs are adequate during your initial sequen-
tial plan, the perfusion must be coming somewhere from other
than those occluded arteries and so why not ignore them and
revascularize distally, which is to say, re-establish the antecedent
collateral circulation?
And my second question is, when your MEPs disappear and
you are working on a critical segment, what information can you
give us about the time window available to do that revasculariza-
tion before injury occurs? And also, how can you, if you can,
correlate it with the degree of backbleeding in those vessels from
your distal perfusion? That was a mouthful, I’m sorry.
Dr Jacobs. To start with the second question, if we lose the
evoked potentials within 1 or 2 minutes, it indicates critical spinal
cord ischemia. It means that we have limited time to attach a graft
to the intercostal vessels and subsequently insert a selective perfu-
sion catheter in the graft to get blood back to the spinal cord as fast
as possible.
Coming back to the first question, it is indeed true that if you
follow the strategy of reattaching every artery between T8 and L1,
the spinal cord will be preserved in approximately 90% of cases. In
the present preoperative work-up we perform MRA of the inter-
costal arteries which not only shows patent intercostals but also
segmental arteries that have no open connection with the aorta. In
other words, there is no blood supply from inside the aorta towards
the spinal cord, but these arteries are still interconnected and part
of a collateral system. As soon as endarterectomy is performed and
back-bleeding vessels appear, these arteries can become part of the
perfusion system again by reattaching them to the circulation. So,
apparently nonfunctional vessels can be changed into valuable
pathways towards the spinal cord.
Dr G. Melville Williams (Baltimore, Md). I have two ques-
tions. We simply cannot get the MEPs to work with the corre-
lation you report. And I wonder if the problem isn’t that our
anesthesiologists will not use ketamine, which is your anesthe-
siologists’ choice.
And second, would you advocate your technology for endo-
vascular repairs where the entire descending thoracic aorta is
covered?
Dr Jacobs. The technology as such is not complicated; how-
ever, part of the secret is indeed coordination with anesthesiology.
If too much muscle relaxant is administered, evoked potentials will
be unmeasurable. The cooperation between the neurophysiologist
and the anesthesiologist is also crucial. They have to communicate
continuously and titrate the amount of muscle relaxant according
to the amplitudes of the MEPs.
Your second question addresses an important issue, since
paraplegia rate in endovascular repair of thoracic aneurysms can
occur in 3% to 4%, also in our experience. Our present protocol in
endovascular repair of the entire thoracic aorta from the subclavian
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toring in the OR with the patient prepped for conversion, if
necessary. If the evoked potentials would disappear, we would
immediately convert and do the standard procedure.
Surprisingly enough, even with overstenting the entire de-
scending aorta, we have never encountered critical MEPs. So,
different phenomena exist in open endovascular TAA repair.
Dr Sicard. I assume that most of your delayed paraplegia
occurred after the spinal fluid drainage catheter was removed.Were
you able to re-establish motor function by reestablishing spinal
fluid drainage?Dr Jacobs. Unfortunately, no. We had one patient who had
lowMEP amplitudes at the end of the procedure but needed mean
arterial pressures of at least 90 mmHg to maintain MEPs. These
pressures were instructed as postoperative orders in the ICU. The
patient moved his legs postoperatively and still had his CSF cath-
eter in-situ. At the thirdmorning after a “stable” night, he woke up
with paraplegia. Assessment of the hemodynamic profiles during
the night showed that he had been sleeping with amean pressure of
60 mm Hg. He obviously infracted the spinal cord. So it is
extremely important to keep these pressures high if the MEPs
indicate accordingly.
